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NATIONAL ONAUTICS 

BESEABCH~OBANDUM 

for the 

U. S. Air Force 

AERODYNAMIC CHARACTERISTICS OF A 0 .O~~~~-SCALE 

MODEL OF THE CONVAIR F-1023 AI!XPL?UJE AT MACH 

IVJMmRS OF 1.41, 1.61, AND 2.01 

By M. Leroy Spearman and Cornelius Driver 

SUMMARY 

Tests have been made in the Langley 4- by 4-foot supersonic pressure 
tunnel at Mach numbers of 1.41, 1.61, and 2.01 of various arrangements of 
a 0.04956-scale model of the Convair F-102A airplane with faired inlets. 
Tests were made of the model equipped with a plain wing, a wing with 
6.4 percent conical camber, and a wing with 15 percent conical camber. 
Body modifications including an extended nose, a modified canopy, and 
extended afterbody fillets were evaluated. In addition, the effects of 
a revised vertical tail and two different ventral fins were determined. 

The results indicated that the use of cambered wings resulted in 
lower drag in the lift-coefficient range above about 0.2. This range, 
however, is above that which would generally be required for level flight; 
hence, the usefulness of camber might be confined to increased maneuver- 
ability at the higher lifts while its use may be detrimentalto the high- 
speed (low-lift) capabilities. 

Neutral directional stability for the basic configuration (6.4 percent 
camber) occurred at an angle of attack of 12.6O for a Mach number of 1.41 
and at 7' for a Mach number of 2.01. Increasing the camber to 15 percent 
resulted in a further decrease in the angle of attack from 7' to 6 for 
neutral stability at a Mach number of 2.01. 

The directional chsracteristics were improved slightly by the use of 
ventral fins and were further improved by the use of a revised vertical 
tail to the extent that neutral directional stability for the 15-percent 
cambered configuration at a Mach number of 2.Olwas delayed from an angle 
of attack of 6O to 9.60. 

81b~CtASSIFIED - _._ 
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At the request of the U. S. Air Force, the National Advisory Committee 
for Aeronautics has undertaken an investigation of the aerodynamic char- 
acteristics of the Convair F-102A airplane in the Langley 4- by 4-foot 
supersonic pressure tunnel at M = 1.41, 1.61, and 2.01. 

Tests of various arrangements of the F-102 configuration that have 
previously been made in the same tunnel include the following: the 
basic BY-102 configuration (ref. l), the D-102 with various extended 
afterbodies (ref. 2), and the revised YF-102 configuration having an 
extended contoured afterbody with both an uncambered wing and a 6.4-percent 
conically cambered wing with 10' reflexed tips (ref. 3). The basic 
F-102A configuration, for which results are presented herein, retains the 
body contouring and the 6.4-percent cambered wing and reflexed tips of '* 
the last previous configuration (ref. 3) but differs in the following . j 
respects: a modified canopy, an extended nose, and extended afterbody 
fillets. The tests were made with the inlets faired closed. 

In addition to the results for the basic configuration, results are 
presented herein for the configuration having an uncsmbered wing, a wing 
with 15 percent conical camber, a revised vertical tail, and two ventral 
fins. 

SYMBOM 

The results sre presented as standard NACA coefficients of forces 
and moments. The data are referred to the stability-axis system (fig. 1) 
with the reference center of moments located at 25 percent of the wing 
mean geometric chord. The coefficients are based on the geometric char- 
acteristics of the wing with 15 percent conical camber. 

The symbols are defined as follows: 

CL lift coefficient, -Z/c@ 

CX longitudinal-force coefficient, X/qS (equal and opposite 
to drag coefficient at p = O") 

I  CY lateral-force coefficient, Y/@ 

Cn yawing-moment coefficient, N/qSb 

rolling-moment coefficient, L' /cl= 
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pitching-moment coefficient, M'/qS'c 

force along Z-axis 
\ 

force along X-&is 

force along Y-axis 

moment about Z-axis 

moment about X-axis 

moment about Y-axis 

lift (-z) 

drag (-X at B = 0') 

free-stream dynamic pressure 

wing area including body intercept, 1.732 sq ft 

wing span, 24.758 in. 

wing mean geometric chord, 13.43 in. 

Mach number 

trailing edge 

angle of attack, deg 

angle of sideslip, deg 

elevon deflection, deg 

variation of pitching-moment coefficient with lift coefficient 
at C, = 0 (measure of margin of static longitudinal 
stability) 

pitching-moment coefficient at CL = 0 

angle of attack for CL = 0 

lift-curve slope, ac,/a, at CL=0 
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, 0 , L/D lift-drag ratio 
# Q .> b 
,: 

ac, CL2 I 
drag-due-to-lift parameter 

m , b 
: CnP 

variation of yawing-moment coefficient with sideslip angle 
(static directional stability derivative), $J$ at p = 0 

% 
variation of rolling-moment coefficient with sideslip angle 

(effective-dihedral derivative), acl/aj3 at p=o 

"YP variation of lateral-force coefficient with sideslip angle, 
acyjap at p = 0 

MODEL AND APPARATUS 

A three-view drawing of the O-04956-scale.Convair F-102A configura- 
tion indicating the body and canopy revisions is shown in figure 2. The 
geometric characteristics of the model are presented in table I. The 
model has a basic 60' delta wing mounted on the fuselage in a mid-low 
position. The basic vertical tail is similar in plan form to the wing 
semispan. Twin ram-type inlets are located well forward on the sides 
of the fuselage, but for the present tests the inlets were closed by 
means of faired plugs. 

'_ 
A comparison of the revised vertical tail and the basic vertical 

tail is shown in figure 3. Details of the two ventral fins investigated 
are shown in figure 4. Photographs of the model are shown in figure 5. 

The wing with 6.4 percent conical camber was designed for a lift 
coefficient of 0.15 at M = 1.0 and had, in addition to the camber, a 
10' upward deflection of the trailing-edge portion outboard of the ele- 
vons. The wing with 15 percent conical camber was designed for a lift 
coefficient of 0.21 at M = 1.0. The portions of the trailing edge out- 
board of the elevons for this wing were deflected upward to an angle that . 
varied linesrly from 9' at the inboard end to 5O at the outboard end. 

Forces and moments were measured by means of a six-component inter- 
nal strain-gage balance and indicating system. 
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TESTS AND CORRECTIONS 

Test Conditions 

The tests were made at Mach numbers of 1.41, 1.61, and 2.01 for 
which the Reynolds numbers (based on E) are 3.41 X 10 6, 3.26 x 106, 
and 2.82 X lo', respectively. The stagnation dewpoint was maintained 
at -Pj” F or less, so that no condensation effects were encountered in 
the test section. 

5 

Pitch tests were made through an angle-of-attack range from about 
-2O to abcut 13O. Sideslip tests were made through a sideslip-angle 
range from about -ho to loo. 
u = 5.6'. 

Sideslip tests were made at a. = 1.5O and 
In addition, pitch tests were made at p = 4' in order to 

obtain an indication of angle-of-attack effects on the sideslip derivatives. 

Corrections and Accuracy 

The angles of attack and sideslip have been corrected for the 
deflections of the sting and balance due to the aerodynamic loads. The 
base pressure was measured and the longitudinal-force coefficient was 
adjusted to correspond to a base pressure equal to free-stream static 
pressure. 

The estimated errors in the individual measured quantities are as 
follows: 

cL .............................. ko.006 
cx .............................. fO.OO1 
Cm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20.002 
c!z .............................. +0.0004 
c, .............................. f0.0002 

cy .............................. ~0.004 

a,deg ............................ 20.1 
P,deg ............................ fO.l 
6e, deg ............................ fO.l 
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RESULTS AND DISCUSSION 

Longitudinal Characteristics 

NACA RM SL55I22 

Effects of wing camber.- The effects of wing camber on the aero- 
dynamic characteristics in pitch at Mach numbers of 1.41, 1.61, and 2.01 
are presented in figure 6 and the variations of the various longitudinal 
parameters with Mach number are summarized in figure 7. The primary 
advantage of the increased camber, of course, is to reduce progressively 
the drag due to lift AC, CL2, / and to increase slightly the lift-curve 
slope CL. The use of 6.4 percent camber results-in a reduction in the 

ac, stability - - 
dCL 

and produces a positive shift in Cm,, so that the 

control deflection required for trim, and thus the drag-due-to-trim, 
should be reduced. No such positive shift in Cm0 occurred for the wing 
with 15 percent camber and the stability was slightly greater than that 
for the plain wing. 

The advantages of camber at higher lifts are, however, offset in 
the low-lift high-speed range by an increase in drag. Near zero lift, 
for example, 'sin 

for the 15-percent cambered wing is about 0.005 

greater than that for the plain wing. In fact, the advantages of camber 
in reducing drag are realized onlyin the lift range above about 0.2 
which would generally be beyond that required for level flight in the 
Mach number range from 1.4 to 2.0. Hence, the usefulness of camber in 
this Mach number range may be confined to increased maneuverability 
resulting from lower drag at the higher lifts, whereas, for the probable 
level-flight lift range the use of camber msy be a detriment to the high- 
speed capabilities. 

There is little effect of camber on the maximum lift-drag 
ratio mjmax but the lift coefficient at which the maximum L/D 
occurs is, in general, increased with increasing camber. 

Effects of elevon deflection.- The effects of elevon deflection on 
the aerodynamic characteristics in pitch were determined only for the 
configuration with 6.4 percent camber and for a Mach number of 2.01 (see 
fig. 8). The longitudinal trim characteristics for this configuration 
are summarized in figure 9. 

The control deflection for trim and the trim angle of attack vary 
in an essentially linear manner with lift coefficient. A maximum lift 
coefficiel-t of 0.135 was obtained with the maximum control deflection 

_. .  .  .__ _ _.. _~_ -.- _ ~_ _.- .-_ - _ _ - ---- ----. - .--m-1-------- 
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invest igat ion ( -15O ). A s  a  resul t  o f th e  d r a g  d u e  to  trim , th e  m a x i m u m  
L /D o b ta i n e d  w a s  a b o u t 3 .5  c o m p a r e d  to  a b o u t 4 .5  fo r  th e  s a m e  lift 
c o e ff icient wi th u n d e flec ted  c o n trols. 

E ffects o f vert ical  tai l .- A  compa r i son  o f th e  a e r o d y n a m i c  charac-  
ter ist ics in  p i tch wi th th e  bas ic  a n d  th e  rev ised  vert ical  ta i l  (f ig. 10 )  
ind ica tes  n o  s igni f icant  d i f fe rence wi th th e  poss ib le  e x c e p tio n  o f a  
s l ight ly h i ghe r  m i n i m u m  d r a g  wi th th e  rev ised  vert ical  tai l .  

E ffects o f b o d y  m o d i f icat ions.- T h e  e ffects o f th e  b o d y  m o d i f icat ions 
a re  p r e s e n te d  in  fig u r e  1 1  fo r  M a c h  n u m b e r s  o f 1 .4 1  a n d  2 .0 1 . T h e  rev ised  
F - 1 0 2 A  m o d i f icat ions i nc lude  a  n e w  c a n o p y , a n  e x t e n d e d  n o s e , a n d  a n  
e x t e n d e d  a fte r b o d y  fil let. T h e  p r imary  e ffect  o f th e  b o d y  m o d i f icat ions, 
as  m ight  b e  e x p e c te d , is to  r e d u c e  th e  d r a g . T h e  m i n i m u m  d r a g  c o e ff icient 
a t M  =  1 .4 1  w a s  r e d u c e d  f rom 0 .0 2 8  to  0 .0 2 3  s n d  a t M  =  2 .0 1  w a s  
r e d u c e d  f rom 0 .0 2 4  to  0 .0 2 2 . 

L a tera l  a n d  Di rec t iona l  C h a r a c ter ist ics 

E ffects o f s idesl ip . -  T h e  a e r o d y n e m i c  character is t ics in  s ides l ip  
a t a  =  1 .5 O  fo r  M a c h  n u m b e r s  o f 1 .6 1  a n d  2 .0 1  fo r  th e  c o n fig u r a tio n  
wi th 6 .4  p e r c e n t c a m b e r  (f igs. 1 2  a n d  13)  i nd ica te  fa i r ly  l i near  charac -  
ter ist ics to  a  s ides l ip  a n g l e  o f a b o u t 4 '. A t a  =  5 .7 ' fo r  M  =  2 .0 1  
( f iggo14)  th e  bas ic  c o n fig u r a tio n  is e s s e n tia l ly  n e u tral ly s tab le  to  
P  z=z  a n d  th e n  b e c o m e s  d i rect iona l ly  u n s ta b l e . T h e  a d d i tio n  o f th e  
l a rge  v e n tral fin  to  th is  c o n fig u r a tio n  is suff ic ient to  i nc rease  th e  
yaw ing  m o m e n t th r o u g h o u t th e  s ides l ip  r a n g e  so  th a t u n s ta b l e  m o m e n ts s re  
fo res ta l led  to  p  =  loo.  

T h e  e ffects o f w i n g  c a m b e r  o n  th e  a e r o d y n a m i c  character is t ics in  
s ides l ip  a t a  =  5 .6  a n d  M  =  2 .0 1  fo r  th e  tai l-off  c o n fig u r a tio n  
(fig. 15)  i nd ica te  th a t i nc reas ing  th e  c a m b e r  f rom 6 .4  p e r c e n t to  1 5  per -  
c e n t resul ts  in  a  s l ight  i nc rease  in  d i rec t iona l  instabi l i ty a n d  a n  
inc rease  in  th e  n e g a t ive d ihed ra l  e ffect  C -L  

P ' 

E ffects o f a n g l e  o f a ttack.-  T h e  e ffects o f a n g l e  o f a ttack  o n  th e  
s ides l ip  character is t ics in  th e  l inear  s ides l ip  r a n g e  (p  =  4 ') a re  p re -  
s e n te d  fo r  th e  var ious  c o n fig u r a tio n s  a n d  M a c h  n u m b e r s  in  figu res  1 6  
th r o u g h  2 1 . A t M  =  1 .4 1  th e  bas ic  c o n fig u r a tio n  wi th 6 .4  p e r c e n t csm-  
be r  (f igs. 1 6  a n d  17)  i nd ica tes  a  p rogress ive  d e c r e a s e  in  d i rec t iona l  
stabi l i ty wi th i nc reas ing  a n g l e  o f a ttack  u n til n e u tral d i rec t iona l  sta- 
bi l i ty occurs  a t a  =  1 2 .6 O . T h e  c o n fig u r a tio n  wi th th e  rev ised  vert ical  
ta i l  m a i n ta i n e d  d i rec t iona l  stabi l i ty to  th e  h ighes t  a n g l e  o f a ttack  
o b ta i n e d  (12.60) .  O f ccurse,  th e  ro l l i ng -moment  a n d  la tera l - force var i -  
a tio n s  wi th s ides l ip  a n g l e  a re  a l so  i nc reased  fo r  th e  rev ised  vert ical-  
ta i l  c o n fig u r a tio n . 

_  _. ___ ._  _-. _. .--.~ -.- ----  _- . -_ -..-_-.I- _  _ _  _ .__  _ ~  ~-.--  . . . . .--._-- ----. -  ^  
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For a Mach number of 2.01 (figs. 18 and 19) the directional stability 
decreases progressively with increasing angle of attack until neutral 
directional stability occurs at a, = 7O. The level of directional sta- 
bility is increased slightly with the addition of the small ventral fin, 
and is increased still further with the large ventral fin so that neutral 
stability occurs at a = 10.3O. 

The results obtained at M = 2.01 for the 15-percent cambered con- 
figuration (figs. 20 and 21) indicate a greater decrease in directional 
stability with increasing angle of attack so that for the basic vertical 
tail neutral stability occurs at a = 6O compared to a = 7' for the 
6.4-percent cambered configuration. The revised vertical tail for the 
15-percent cambered configuration increases the directional stability to 
the extent that neutral stability does not occur until a = 9.6'. 

The decrease in directional stability with increasing angle of attack 
occurs primarily as a result of a decreased tail effectiveness as indi- 
cated by the convergence of the CY and C 

P 93 
curves with increasing 

angle of attack (figs. 17, 19, and 21) for the tail-on and tail-off con- 
figurations. In addition, the slightly greater decrease in ens 

with 
angle of attack indicated for the 15-percent cambered configuration 
apparently occurs as a result of an increase in the unstable moment of 
the tail-off configuration with increasing angle of attack that is more 
significant than for the 6.4-percent cambered configuration. 

A summary of the variation of the sideslip derivatives with Mach 
number at a = 1.5' for the 6.4-percent cambered configuration with 
various tail arrangements is presented in figure 22. 

CONCLUSIONS 

Tests of various arrangements of a model of the Convair F-102A air- 
plane with faired inlets at Mach numbers of 1.41, 1.61, and 2.01 indi- 
cated the following conclusions: 

1. The use of cambered wings resulted in lower drag in the lift- 
coefficient range above that which would generally be required for level 
flight (about 0.2); hence, the usefulness of camber may be confined to 
increased maneuverability at the higher lifts while its use may be 
detrimental to the high-speed (low-lift) Gapabilities. 

2. The addition of an extended nose, an improved canopy, snd an 
extended afterbody fillet caused a reduction in drag coefficient at a 
Mach number of 1.41 from 0.028 to 0.023 and at % Mach number of 2.01 
from 0.024 to 0.022. 
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3. Neutral directional stability for the basic configuration 
(6.4 percent camber) occurred at an angle of attack of 12.6O for a Mach 
number of 1.41 and at an angle of attack of 7' for a Mach number of 2.01. 

4. Increasing the wing camber to 15 percent resulted in a slightly 
greater decrease in directional stability with increasing angle of attack 
so that at a Mach number of 2.01the angle of attack for neutral direc- 
tional stability was reduced from 7' to 60. 

5. The directional characteristics were improved slightly by the 
use of ventral fins and were improved by the use of a revised vertical 
tail to the extent that neutral directional stability for the configu- 
ration having 15 percent camber was delayed from an angle of attack 
of 6' to 9.6O at a Mach number of 2.01. 

Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Field, Va., September 16, 1955. 

M. Leroy Spearman 
Aeronautical Research Scientist 

Cornelius Driver 
Aeronautical Research Scientist 

Approved: 
John V. Becker 

Chief of Compressibil ity Research Division 
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TABLE I 

GEOMETRIC CHARACTERISTICS OF MODEL 

r Wing 6.4 percent camber 15.0 percent camber 

Area, sq ft . . . . . . . . 
Span, in. . . . . . . . . 

~Mean geometric chord, in. 
Aspect ratio . . . . . . . 
Taper ratio . . . . . . . . 
Airfoil section . . . . . . 
Angle of incidence, deg . . 
Dihedral angle, deg . . . . 
Sweep of leading edge, deg 
Sweep of trailing edge, deg 

. . . . 

. . . . 

. . . . 

. . . . 

. . . . 

. . . . 

. . . . 

. . . . 

. . . . 

. . . . 

1.71-5 
23.196 

13*75 
2.189 

NACA 0004f65 (mod.) 
0 

6001 
-5 

1.732 
24.758 

13i43 
2.458 

NACA 0004063 (mod.) 
0 

570 
-5 

Vertical tail Basic Revised 

Area (exposed), sq in. . . . . . . 
Span to body center line, in. . . 
Aspect ratio . . . . . . .,. . . . 
Taper ratio . . . . . . . . . . . . 
Airfoil section . . . . . . . . . . 
Sweep of leading edge, deg . . . . 
Sweep of trailing edge, deg . . . . 

24.20 
6.79 

2 

NACA 0004-065 (mod.) 
60 
-5 

25 045 
6.86 

2 
0.19 

Modified hexagon 
60 
20 

, 
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Figure 2.- Details of 0.049>6-scale Convair F-102A configuration. 
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Figure 3.- Details of revised vertical tail. 
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Figure 4.- Details of ventral fins. 
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Figure 5.- Concluded. 
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Figure 6.- Continued. 
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Figure 7-- Effects of camber on the variation with Mach number of 
tudinal parameters. 
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Figure ll.- Effects on the longitudinal aerodynamic characteristics of a 
canopy modification and the addition of extended fillet and extended 
nose. 6.4 percent wing camber. 
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Figure 12.- Aerodynamic characteristics in sideslip. Basic vertical tail; 
6.4 percent wing camber; CL = 1.5O; M = 1.61. 
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Figure 13.- Aerodynamic characteristics in sideslip. Basic vertical tail; 
6.4 percent wing camber; a = 1.5O; M = 2.01. 

D _ _ ~~ _;- .- .--- _. _ _-_ .* -_-. ~.~ ~~ -- -. s _-_ - . .- 



ee NACA RM SL55122 0 e . 

ee 
0 0 
eee 

00 
0 0 

80 

Bee: 
8 

ee 
0 
63 : 

% l 

cx 

0 

704 

I 

-04 

-.02 

0 

.I 

0 
0 2 4 6 8 IO 

B deg 
Figure 13 .- Concluded. 

= @ B R m P m E @  . ~ 

__  __  -.-__ ___ _  __  .-_.__ -__ _... -. _  _  -- -- -c---- _.-_ -- ..__. -..~ .._~ ..~.. .- 



e... NACA RM SL55122 
00: 
. ..A 0 . 

Q @  0 0 8080 
0 ee 
oQoo e 

. ..&i' D e 
08 0 oe : 01 

C" 
0 

-.o I 

-.OZ 

. 

. 

CY 

.I 

0 

-.I 
-6 -4 -2 0 2 4 6 8 IO 12 

P ,deg 

Figure lb.- Effect of large ventral fin on aerodynamic characteristics in 
sideslip. 6.4 percent wing camber; a, = 5.70; M  = 2.01. 
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Figure 15.- Effects of wing camber on the aerodynamic characteristics in 

sideslip. Vertical tail off; a = 5.6O; M = 2.01. 
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Figure 16.- Effects of angle of attack and‘vertical tail on lateral char- 
acteristics. 6.4 percent wing camber; p = 4O; M = 1.41. 
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Figure 17.- Effect of vertical tail on the variation of the sideslip 
derivatives with angle of attack. 6.4 percent camber; M  = 1.41. 
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Figure 18.- Effects of angle of attack and ventral fins on lateral char- 
acteristics. p = 4’; 6.4 percent wing camber; M = 2.01. 
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lg.- Effects of ventral fins on the variation of the sideslip 
derivatives with angle of attack. 6.4 percent wing camber; M = 2.01. 
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Figure 20.-Effects of angle of attack and revised vertical tail on the 
lateral characteristics. p = 4'; 15 .O percent wing camber; M  = 2.01. 
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Figure 21.- Effect of vertical tail on the variation of the sideslip 
derivatives with angle of attack. 15.0 percent wing camber; M  = 2.01. 
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Figure ! 22.- Variation of sideslip derivatives with Mach number for various 
vertical tail arrangements. a = 105O; 6.4 percent wing camber. 
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